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(54) NON-VOLATILE MULTIVALUE STORAGE DEVICE 

(57)Abstract: 

PURPOSE: To reduce the number of data storage elements by storing a 
charge quantity based on ternary external input data in one storage 
element of a storage means and setting the element in one of three- - - 
storage states. 

CONSTmJTION: At the time of writing data, a specified level quantity M 
based on ternary external input data Din is stored in one storage 
element of the storage means 13, which is designated based on an 
element selection signal ADR and one storage element is set to one of 
three storage states based on ternary external input data Din. At the 
time of reading data, a control means 11 and an output value judgement 
means 14 judge the storage state of one storage element of the storage 
means 13, which is designated based on the element selection signal 
ADR and a judgement result is outputted as ternary external output data 
Dout based on a read selection signal LA. Consequently, the memory 
capacity of the ternary storage device can be expanded to 3n. Thus, the 
number of the data storage elements can be reduced. 
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Specification 

1. Title of the Invention 

NONVOLATILE MULTIVALUED STORAGE DEVICE 

2. Claim 

A nonvolatile multivalued storage device, comprising: 
control means 11 for inputting n-valued external input data 
Din and a write/read control signal W/R and outputting a level 
selection signal Ll , a write/read control signal W/R and a read 
selection signal LA; level selection means 12 for inputting 
the level selection signal Ll and the write/read control signal 
W/R and outputting a specified level quantity M; storage means 
13 for storing the specified level quantity M on the basis of 
an element selection signal ADR; and output value determination 
means 14 for determining the binary output data RD read out 
according to the element selection signal ADR, the level 
selection signal Ll and the read selection signal LA and 
converting the same to the n-valued external output data Dout, 
wherein one storage element of the storage means 13 retains 
one storage state of a plurality of quantitative storage 
states . 

3. Detailed Description of the Invention 
[Contents] 

Summary 

Industrial Field of Application 
Prior Art (Fig. 8) 
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Problems that the Invention is to Solve 
Means for Solving the Problems (Fig. 1) 
Operation 

(i) Description of First Embodiment (Figs. 2 to 4 ) 

(ii) Description of Second Embodiment (Fig. 5) 

(iii) Description of Third Embodiment (Fig. 6) 

(iv) Description of Fourth Embodiment (Fig. 7) 
Advantage of the Invention 

[ Summary ] 

This invention relates to a nonvolatile multivalued 
storage device and particularly to the extension of the storage 
function of EEPROM (Electrically Erasable Programmable Read 
Only Memory) having the property (nonvolatile) such that the 
information can be electrically reloaded and when the power 
supply is cut off, the information is not erased and the 
magnetic storage device, and it is an object of the invention 
to decrease the number of data storage elements by devising 
the write/read function to give binary or more valued storage 
state to one bit without setting the storage state of the EEPROM 
or the like to 2 or less. 

This nonvolatile multivalued storage device includes: 
control means for inputting n-valued external input data and 
a write/read control signal and outputting a level selection 
signal, a write/read control signal and a read selection 
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signal; level select means for inputting the level selection 
signal and the write/read control signal and outputting a 
specified level quantity; storage means for storing the 
specified level quantity on the basis of an element selection 
signal; and output value determination means for determining 
the binary output data read out according to the element 
selection signal , the level selection signal and the read 
selection signal and converting the same to the n-valued 
external output data, wherein one storage element of the 
storage means retains one storage state of two or more 
quantitative storage states. 
[Industrial Field of Application] 

This invention relates to a nonvolatile multivalued 
storage device and particularly to the extension of the storage 
function of EEPROM (Electrically Erasable Programmable Read 
Only Memory) having the property (nonvolatile) such that the 
information can be electrically reloaded and when the power 
supply is cut off , the information is not erased and the 
magnetic storage device. 

In recent years, with the request for high function and 
high performance of a data processor/ the quantity of data 
handled by the processor becomes enormous, so it is unavoidable 
to increase the storage capacity of the data storage device. 

Therefore, there is a demand toward a storage device, 
which may give the binary or more storage state to one bit to 



4 



decrease the number of data storage elements. 
[Prior Art] 

Fig. 8 is a block diagram of a nonvolatile binary storage 
device according to the prior art. 

In the drawing , a nonvolatile binary storage device such 
as EEPROM is composed of a write/read control circuit 1, a 
storage element 2 and a write voltage generation circuit 3. 

The write/read control circuit 1 outputs an address ADR, 
a write/read control signal SI and an erase signal S2. The 
storage element 2 is, as shown in the drawing encircled by a 
broken line, so constructed that one storage cell is composed 
of a select transistor Tl connected to a bit line BL, and a 
memory transistor T2 having a floating gate electrode FG. 

The device is functioned so that in the case of writing 
data according to the external input data Din, the select 
transistor Tl is activated through a selection gate SG, a 
control gate CG of a selected memory transistor T2 is set to 
positive to a drain D, and electric charges (e) are injected 
to a floating gate FG by the write voltage generation circuit 
3 to raise the threshold voltage. 

In the case of reading out the data according to the 
external input data Din, the address ADR is designated to the 
storage element 2. Thus, the binary external output data Dout 
of the selected memory transistor T2 can be obtained. 
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In the case of erasing the data, the control gate CG is 
grounded to apply reverse high voltage to the drain D. Thus, 
the electric charges (e) are released to erase the data* 

[Problems that the Invention is to Solve] 

According to the prior art, the threshold voltage of the 
memory transistor T2 is controlled to store the binary data 
in one memory cell. However, with the demands toward high 
function and high performance of the data processor, the amount 
of data treated by the processor trends to become enormous • 

Consequently, it is unavoidable to add the memory 
capacity to the data storage device. In this case, the memory 
capacity is proportional to 2 n . 

Therefore, it is necessary to form a number of data 
storage elements in one storage device, which causes the 
problem of hindering high integration of a semiconductor 
integrated circuit. 

The invention has been made in the light of the problems 
of the prior art, and it is an object of the invention to provide 
a nonvolatile multivalued storage device, which may decrease 
the number of data storage elements by thinking out the 
write/read function to give binary or more storage state to 
one storage cell without setting the storage state of EEPROM 
or the like to two or less. 
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[Means for Solving the Problems] 

Fig. 1 is a diagram showing the principle of a nonvolatile 
multivalued storage device according to the invention. 

The device includes: control means 11 for inputting 
n-valued external input data Din and a write/read control 
signal W/R and outputting a level selection signal Ll, a 
write/read control signal W/R and a read selection signal LA; 
level selection means 12 for inputting the level selection 
signal Ll and the write/read control signal W/R and outputting 
a specified level quantity M; storage means 13 for storing the 
specified level quantity M on the basis of an element selection 
signal ADR; and output value determination means 14 for 
determining the binary output data RD read out according to 
the element selection signal ADR, the level selection signal 
Ll and the read selection signal LA and converting the same 
to the n-valued external output data Dout, wherein one storage 
element of the storage means 13 retains one storage state of 
a plurality of quantitative storage states. 

[Operation] 

According to the invention, the storage means 13 for 
storing the specified level quantity M on the basis of the 
element selection signal ADR is provided with the level 
selection means 12 and the output value determination means 
14. 
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For example , from the control means 11 to which the 
ternary external input data Din and the write/read control 
signal W/R are input, the level selection signal LI is output 
to the level selection means 12 and the output value 
determination means 14 , the read selection signal LA to the 
output value determination means, and the write/read control 
signal W/R to the level selection means 12 , respectively. Thus, 
at the time of writing data, the specified level quantity M 
based on the ternary external input data Din is stored in one 
storage element 3 specified on the basis of the element 
selection signal ADR. At that time, the method of storing the 
specified level quantity is as follows. In the case of EEPROM, 
for example, the quantity of electric charges injected is 
varied under the feedback control to vary the threshold voltage 
level, thereby putting one storage element in one state of three 
storage states based on the ternary external input data Din. 

On the other hand, at the time of reading data, the storage 
state of one storage element of the storage means 13 specified 
on the basis of the element selection signal ADR is determined 
by the control means 11 and the output value determination means 
14, and the determination result is output as the ternary 
external output data Dout on the basis of the read selection 
signal LA. 

Therefore, as compared with the memory capacity 2 n of 
the conventional binary storage device, the memory capacity 
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of the ternary storage device can be expanded to 3 n . Thus, the 
invention can thoroughly cope even with the case where the data 
amount is made enormous with the demands toward high function 
and high performance of the data processor. 

Accordingly , the number of data storage elements can be 
reduced so as to achieve high integration of the semiconductor 
integrated circuit device. 

[Embodiments ] 

The embodiments of the invention will now be described 
with reference to the drawings. 

Figs. 2 to 7 are diagrams for explaining the nonvolatile 
multivalued storage devices according to the embodiments of 
the invention. 

(i) Description of First Embodiment 

Fig. 2 shows a block diagram of ternary EEPROM according 
to the respective embodiments of the invention. 

In the drawing, the reference numeral 21 is a write/read 
control circuit, which is one embodiment of control means 11, 
to which ternary external input data Din is input to output 
level selection signals S00, SOI, Sll, a write/read control 
signal W/R, a read control signal SR, a latch selection signal 
(read selection signal) LA and an erase/write selection signal 
SE. 

The reference numeral 22 is a level selection circuit, 
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which is one embodiment of level selection means 12, and the 
circuit is composed of a pulse signal generation circuit 2 2a, 
a read voltage generation selection circuit 22b, a pulse 
voltage selection circuit 22c and a gate circuit 22d . The pulse 
voltage selection circuit 22c selects three write pulse 
voltages such as 20 , 10 and 0 [V] according to a write control 
signal SW and a level select signal LI, and selects and outputs 
the same from the pulse signal generation circuit 22a. 

The read voltage generation circuit 22b outputs two read 
voltages such as 3 and 5 [V] according to the read control signal 
SR. The gate circuit 22d selects write or erase pulse or read 
voltage according to the write/read control signal W/R and the 
erase signal SE, and outputs the same to transistors TWl to 
TWn for selecting word lines WL1 to WLn or an erase transistor 
TrEl • 

The reference numeral 23 is m x n memory elements, which 
is one embodiment of storage means 13, and stores the charge 
quantity as a specified level amount M. The memory element 
23 is composed of a memory transistor TM having a floating gate 
electrode FG and a compare amplifier circuit 2 3a for an output 
signal. A control gate CG of the transistor TM is connected 
to the transistor TWl to TWn, the source S thereof is connected 
to a grounding conductor GND, and the drain D thereof is 
connected to bit line selection transistors TBI to TBn. 
Further, the compare amplifier circuit 2 3a is connected to an 
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output value determination circuit 24. Thus, in the memory 
transistor TM, the data selected by points of intersection of 
the bit lines BL1 to BLn and the word lines WL1 to WLn is read. 

The reference numeral 2 4 is a compare determination 
output circuit, which is one embodiment of output value 
determination means 14, and the circuit is composed of a latch 
circuit 24a, a gate circuit 24b and a comparator 24c. When 
two read voltages 3, 5[V] are output to the selection circuit 
22b according to the read control signal SR, the latch circuit 
24a stores the output data RD at the concerned read voltage. 
The output data RD is output according to the latch selection 
signal LA. 

The gate circuit 24b converts the output data DR of the 
latch circuit 24a to the ternary external data Dout. The 
comparator 24c compares the output data DR read from the 
selected memory transistor TM with data to be written, and 
feedbacks the comparison result to the control circuit 21. 

A ternary EEPROM related to the respective embodiments 
of the invention is constituted by these parts. 

The operation of the EEPROM will now be described. 

Fig. 3 is an operational flowchart in writing according 
to the first embodiment of the invention. 

In the drawing, first in the step PI, an address ADR is 
designated. At the time, the write/read control circuit 21 
to which the ternary external input data Din is input outputs 
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the level selection signals S00 , SOI, Sll to the pulse voltage 
selection circuit 22c, the write/read control signal W/R to 
the gate circuit 22d, and the write control signal SW to the 
pulse signal generation circuit 22a, respectively. 

Subsequently, in the step P2, the pulse signal generation 
circuit 22a is activated to write data. In this case, data 
writing is performed by a pulse signal amplitude modulation 
technique as shown in a part enclosed in a broke-line circle 
in the drawing. According to the modulation technique, 
previously the quantity of charges injected into the floating 
gate FG of the specified memory element 23 is varied on the 
basis of the write voltages 0[V], 10 [V], 20 [V] corresponding 
to the ternary external input data Din= [0, 1/2, 1]. Thus, 
the threshold voltage of the memory transistor TM is set in 
three stages , and among three storage states , one state is given 
to the transistor TM. 

Subsequently, in the step P3 , temporary read processing 
is performed. In this case, the read processing is to determine 
whether the electric charges , which reach the threshold voltage 
of a previously specified transistor TM, are injected or not. 
The processing is performed so that the read voltage generation 
circuit 22b activated by the read control signal SR divides 
two read voltages 3, 5[V] and applies the same to the control 
gate CG of the memory transistor TM separately two times. 

After that, in the step P4 , the write data and the output 
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data are compared and determined. 

Subsequently, in the step P5, another address ADR is 
processed. 

Fig. 4 shows the flowchart in reading operation according 
to the first embodiment of the invention. 

In the drawing, first in the step PI, an address ADR is 
specified. 

Subsequently, in the step P2 , the read voltage generation 
circuit 22b and the latch 1 (LATCH 1) are activated to perform 
read processing. In this case, the read processing is 
performed so that the read voltage generation circuit 22b 
activated by the read control signal SR applies the read voltage 
3[v] to the control gate CG of the memory transistor TM. 

Subsequently, in the step P3, the on/off operation of 
the transistor TM is determined and the output data DR is stored 
in the latch 1 . 

Subsequently, in the step P4, a signal for selecting the 
read voltage 5[V] by the read control signal SR from the control 
circuit 21 is given to the read voltage generation circuit 22b. 
Thus, the read voltage 5[V] is applied to the control gate CG 
of the memory transistor TM. At the time, the latch 1 is 
inactivated by the signal LA to save the output data DR of the 
step P3, and simultaneously a latch 2 (LATCH2) is activated. 

Further, in the step P5, similarly to the step 3, reading 
is performed and the output data RD is stored in the latch 2 . 
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After that, in the step P6, the data RD of the latches 
1, 2 is converted to the ternary data and output by the output 
value determination circuit 24b. For the read voltages 3, 5[V], 
for example, when the transistors TM are all on-operated, the 
ternary external output data Dout=l is output. On the other 
hand, when the transistor TM is off-operated for the read 
voltage 3[V], and on-operated for the read voltage 5[V], the 
ternary external output data Dout=l/2 is output. 

Further, when the transistors TM are all off -operated 
for the read voltages 3, 5[V] , the ternary external output data 
Dout=l is output. These ternary external output data Dout=[0, 
1/2, 1] are transformed to binary digital signals 0 -* 00, 1/2 
01 or 10, 1 -> 11 and transmitted. 

Subsequently, in the step P7, another address ADR is 
processed. 

(ii) Description of Second Embodiment 

Fig. 5 shows a flowchart in write operation according 
to a second embodiment of the invention. 

In the drawing, the difference from the first embodiment 
is that in the second embodiment, a pulse signal generation 
circuit 22a writes data according to the pulse count control 
system. 

That is, in the block diagram of EE PROM in Fig. 2, a pulse 
signal generation circuit 22a outputs write pulse voltage, 
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having constant amplitude and different in pulse frequency to 
a selection circuit 22c according to a write control signal 
sw. 

Accordingly, in the operation in writing, similarly to 
the first embodiment, first in the step PI, an address ADR is 
specified. 

Subsequently, in the step P2 , a write pulse is input for 
an arbitrary number of times. Data writing in this case is 
performed according to a pulse frequency control system as 
shown in a part enclosed in a broken line circle in the drawing. 
In this control system, corresponding to the ternary external 
input data Din = [0, 1/2, 1], the quantity of electric charges 
injected to a floating gate FG of a specified memory element 
23 is varied on the basis of write counts 0,2,4 [times], for 
example. Thus, similarly to the first embodiment, the 
threshold voltage of a memory transistor TM is set in three 
stages, and one of the three storage states is given to the 
transistor TM. 

Subsequently, in the step P3, temporary read processing 
is performed. The read processing in this case is performed 
to determine whether the electric charges, which reach the 
threshold voltage of a previously specified transistor TM, are 
injected or not. The processing is similar to that in the first 
embodiment . 

After that, in the step P4 , the write data and the output 



15 



data are compared and determined. Determination in this case 
is also similarly to that in the first embodiment. 

Subsequently, in the step P5, another address ADR is 
processed. 

The read processing operation is similar to that of the 
first embodiment , so the description is omitted (See Fig. 4) . 

(iii) Description of Third Embodiment 

Fig. 6 shows a flowchart in writing operation according 
to a third embodiment of the invention. 

In the drawing, the difference from the first and second 
embodiments is that in the third embodiment, a pulse signal 
generation circuit 22a performs data writing according to the 
pulse duration modulation technique. 

That is, in the block diagram of EEPROM in Fig. 2, the 
pulse signal generation circuit 22a outputs write pulse voltage 
having a constant amplitude and different in pulse conducting 
period to a selection circuit 22c according to a write control 
signal SW. 

Accordingly, the operation in writing is similar to those 
of the first and second embodiments, and first in the step Pi, 
an address ADR is specified. 

Subsequently, in the step P2 , the conducting time of the 
write pulse is varied arbitrarily. Data writing in this case 
is performed according to a pulse duration modulation technique 
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as shown in a part enclosed in a broken line circle in the drawing. 
In the modulation technique , corresponding to the ternary 
external input data Din =[0,1/2,1], the quantity of electric 
charges injected into a floating gate FG of a specified memory 
element 23 is varied on the basis of write conducting time 0, 
tl, t2. Thus, similarly to the first and second embodiments, 
the threshold voltage of a memory transistor TM is set in three 
stages, and one state of the three storage states is given to 
the transistor TM. 

Subsequently, in the step P3, temporary read processing 
is performed. The read processing in this case is performed 
to determine whether the electric charges, which reach the 
threshold voltage of the previously specified transistor TM, 
are injected or not. The processing is similarly to those of 
the first and second embodiments. 

After that, in the step P4 , the write data and the output 
data are compared and determined. Determination in this case 
is also similar to those of the first and second embodiments. 

Subsequently, in the step P5, another address ADD is 
processed. 

The read processing operation is similar to those of the 
first and second embodiments, so the description is omitted 
(See Fig. 4 ) . 

(iv) Fourth Embodiment 
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Fig. 7 shows a flowchart in writing operation according 
to a fourth embodiment of the invention. 

In the drawing , the difference from the first , second 
and third embodiments is that in the fourth embodiment , a pulse 
signal generation circuit 22a generates a fixed pulse only one 
time, and writes data until the external input data Din conforms 
to the external output data Dout while the output value is 
monitored by a comparison circuit 24c and a control circuit 
21. 

That is, in the block diagram of EEPROM in Fig. 2, a 
program for executing the steps P4 -* P6 P2 or P7 of the 
operation flowchart shown in Fig. 7 is implemented on hardware 
in the control circuit 21. 

According to the write system in this case, as shown in 
a part enclosed in a broken line circle in the step P2, for 
example, corresponding to the ternary external input data Din 
= [0, 1/2, 1], a fixed pulse having the conducting time (t) 
and write voltage 10 [V] is generated corresponding to [pulse 
generation, pulse generation, pulse non-generation] , thereby 
varying the quantity of electric charges injected into a 
floating gate FG of a specif ied memory element 23. For example, 
corresponding to pulse generation [0, 1/2], as a result of 
temporary read processing in the step P3, when the write data 
matches the output data in the step P4, a comparison circuit 
24c determines that the value is stored, and the write operation 
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is performed until the next processing of the control circuit 

21 is performed. Thus, the quantity of electric charges 
injected into the floating gate FG of the memory element 23 
is varied. 

Thus, similarly to the first, second and third 
embodiments, the threshold voltage of the memory transistor 
Tm is set in three stages, and one state of the three storage 
states is given to the transistor TM. 

The other operations are similar to those of the first, 
second and third embodiments, so the description is omitted 
(See Fig. 4 ) . 

In the fourth embodiment, as compared with the first, 
second and third embodiments, it is determined whether or not 
the write data conforms to the output data every time a fixed 
pulse is applied one time to the variation of the memory element 
23 caused by the manufacturing process accuracy, whereby the 
write operation can be accelerated as compared with the other 
write operations. 

Thus, according to the respective embodiments of the 
invention, two or more memory elements 23 storing the quantity 
of electric charges are provided with a level selection circuit 

22 and an output value determination circuit 24. 

Therefore, at the time of writing the data, while the 
quantity of electric charges based on the ternary external 
input data Din is feedbacked to the memory transistor TM of 



19 



the memory element 23 specified on the basis of the address 
ADR, it is varied to change the threshold voltage level , thereby 
putting the transistor TM in one state of three. storage states 
based on the ternary external input data Din. 

On the other hand, at the time of reading the data, the 
storage state of one transistor TM of the memory element 23 
specified on the basis of the address ADR is determined by the 
output value determination circuit 24, and on the basis of the 
determination result, the ternary external output data Dout 
= [0, 1/2, 1] is output. 

Accordingly, as compared with the memory capacity 2 n of 
the conventional binary storage device, the memory capacity 
of the ternary storage device can be extended to 3 n . Thus, even 
if the data amount is made enormous with the demands toward 
high function and high performance of the data processor, the 
invention can thoroughly cope with such situation. 

Thus, the number of the data storage elements can be 
reduced, so that the semiconductor integrated circuit device 
can be highly integrated. 

Although the description of the respective embodiments 
of the invention deals with the ternary EEPRROM using the 
quantity of electric charges at a specified level quantity M, 
concerning the n-valued (n is more than 3) EEPRROM, the memory 
capacity can be reduced as far as the transistor characteristic 
is allowable. Further, the similar effect can be obtained in 
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a magnetic storage device using the quantity of magnetic 
charges at the specified level quantity M. 
[Advantage of the Invention] 

According to the invention , as described above, the 
charge quantity based on the ternary external input data is 
stored in one storage element of the storage means, whereby 
the element can be put in one state of the three storage stages . 

Therefore, one of the three storage states of the 
specified storage element is determined and output to thereby 
extend the memory capacity of the storage device to 3 n . Thus, 
the number of data storage elements can be reduced so as to 
attain high integration of the semiconductor integrated 
circuit device. 

Thus, the invention largely contributes to high function 
and high performance of the data processor treating enormous 
amount of data. 

4 . Brief Description of the Drawings 

Fig. 1 is a diagram showing the principle of a nonvolatile 
multivalued storage device according to the invention; 

Fig. 2 is a block diagram of a ternary EEPROM according 
to the respective embodiments of the invention; 

Fig. 3 is a flowchart in the write operation according 
to a first embodiment of the invention; 

Fig. 4 is a flowchart in the read operation according 
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to the first embodiment of the invention; 

Fig. 5 is a flowchart in the write operation according 
to a second embodiment of the invention; 

Fig. 6 is a flowchart in the write operation according 
to a third embodiment of the invention: 

Fig. 7 is a flowchart in the write operation according 
to a fourth embodiment of the invention; and 

Fig. 8 is a block diagram of a nonvolatile binary storage 
device according to the prior art. 
[Description of the Reference Numerals and Signs] 
1 1 : control means , 
12: level selection means, 
13: storage means , 

14: output value determination means, 

15: control means, 

LI: level selection signal, 

LA: read selection signal, 

W/R: write/read control signal, 

ADR: element selection signal, 

M: specified level quantity, 

Din: n-valued external input data, 

DR: binary output data, 

Dout: n-valued external output data. 
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FIG. 1: 

DIAGRAM SHOWING PRINCIPLE OF NONVOLATILE MULTIVALUED STORAGE 

DEVICE ACCORDING TO THE INVENTION 

M: SPECIFIED LEVEL QUANTITY 

ADR: ELEMENT SELECTION SIGNAL 

RD: BINARY OUTPUT DATA 

LI: LEVEL SELECTION SIGNAL 

LA: READ SELECTION SIGNAL 

Din: N- VALUED EXTERNAL INPUT DATA 

W/R: WRITE /READ CONTROL SIGNAL 

Dout: n-VALUED EXTERNAL OUTPUT DATA 

11: CONTROL MEANS 

12: LEVEL SELECT MEANS 

13: STORAGE MEANS 

14: OUTPUT VALUE DETERMINATION MEANS 
FIG. 2: 

BLOCK DIAGRAM OF TERNARY EEPROM ACCORDING TO THE RESPECTIVE 
EMBODIMENTS OF THE INVENTION 

ADDRESS ADDRESS DECODER -» STORAGE PARTS (TO WL, BL ) 

WL1 , WL2 WLN: WORD LINE 

BL1 , BL2 , BL3 BLN: BIT LINE 

SE: ERASE/WRITE SELECTION SIGNAL 

SW: WRITE CONTROL SIGNAL 

SR: READ VOLTAGE CONTROL SIGNAL 
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LA: LATCH SELECTION SIGNAL 

Lis LEVEL SELECTION SIGNAL 

Din: TERNARY DATA (2 BITS) 

ERROR SIGNAL 

Dout: HOST BIT 

Dout: LOW ORDER BIT 

21: CONTROL CIRCUIT 

22: LEVEL SELECTION CIRCUIT 

22a: PULSE SIGNAL GENERATION CIRCUIT 

22b: READ VOLTAGE GENERATION SELECTION CIRCUIT 

22c: PULSE SIGNAL SELECTION CIRCUIT 

2 2d: GATE CIRCUIT 

23: MEMORY ELEMENT 

23a: COMPARE AMPLIFIER CIRCUIT 

24: COMPARISON DETERMINATION OUTPUT CIRCUIT 
24c: COMPARATOR CIRCUIT 

FIG. 3: 

FLOWCHART IN WRITE OPERATION ACCORDING TO FIRST EMBODIMENT OF 

THE INVENTION 

START 

PI: SPECIFY AN ADDRESS ADR. 

P2 : ACTIVATE PULSE SIGNAL GENERATION CIRCUIT 22a TO WRITE DATA. 
P3 : TEMPORARY READ PROCESSING 
P4 : WRITE DATA = OUTPUT DATA? 
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-» ERROR 

P5: ANOTHER ADDRESS IS PROCESSED? 
END 

AMPLITUDE MODULATION TECHNIQUE 
FIG. 4: 

FLOWCHART IN READ OPERATION ACCORDING TO THE FIRST EMBODIMENT 

OF THE INVENTION 

START 

PI: SPECIFY AN ADDRESS ADR. 

P2: ACTIVATE CIRCUIT OF READ SYSTEM. 

OUTPUT SIGNAL INSTRUCTING TO GENERATE READ VOLTAGE OF 3[V] 
FROM CONTROL CIRCUIT, AND SIMULTANEOUSLY ACTIVATE LATCH 1 . 
P3: READ IS PERFORMED TO STORE TERNARY DATA RD IN LATCH 1. 
P4: OUTPUT INSTRUCTION FOR GENERATING READ VOLTAGE 5[V] FROM 
CONTROL CIRCUIT AND OUTPUT SIGNAL FOR ACTIVATING LATCH 2. 
SIMULTANEOUSLY LATCH 1 IS DEACTIVATED TO SAVE DATA RD. 
P5: READ IS PERFORMED TO STORE DATA RD IN LATCH 2. 
P6: CONVERT DATA RD IN LATCHES 1 , 2 TO TERNARY DATA BY 24b, 
AND OUTPUT THE SAME. 

P7: ANOTHER ADDRESS IS PROCESSED? 
END 

FIG. 5: 

FLOWCHART IN WRITE OPERATION ACCORDING TO SECOND EMBODIMENT 
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OF THE INVENTION 
START 

PI: SPECIFY AN ADDRESS ADR. 

P2: INPUT WRITE PULSE FOR ARBITRARY NUMBER OF TIMES. 
P3: PERFORM TEMPORARY READ PROCESSING. 
P4 : WRITE DATA = OUTPUT DATA? 
ERROR 

P5: ANOTHER ADDRESS IS PROCESSED? 
END 

PULSE FREQUENCY CONTROL SYSTEM 
FIG. 6: 

FLOWCHART IN WRITE OPERATION ACCORDING TO THIRD EMBODIMENT OF 

THE INVENTION 

START 

PI: SPECIFY AN ADDRESS ADR. 

P2: ARBITRARILY VARY THE CONDUCTING TIME OF WRITE PULSE. 
P3: PERFORM TEMPORARY READ PROCESSING. 
P4 : WRITE DATA = OUTPUT DATA? 
-> ERROR 

P5: ANOTHER ADDRESS IS PROCESSED? 
END 

PULSE DURATION MODULATION TECHNIQUE 
FIG. 7: 



26 



FLOWCHART IN WRITE OPERATON ACCORDING TO FOURTH EMBODIMENT OF 

THE INVENTION 

START 

PI: SPECIFY AN ADDRESS ADR. 

P2: WRITE PULSE ONE TIME 

P3: TEMPORARY READ PROCESSING 

P4: WRITE DATA = OUTPUT DATA? 

NO: P6: SPECIFIED PULSE CIRCUIT? 

P5: ANOTHER ADDRESS IS PROCESSED? 

P7: OUTPUT ERROR SIGNAL. (OUTPUT SIGNAL TO OUTSIDE) 
END 

FIG. 8: 

BLOCK DIAGRAM OF NONVOLATILE BINARY STORAGE DEVICE ACCORDING 

TO PRIOR ART 

e: ELECTRIC CHARGE 

ADR: ADDRESS 

Din: BINARY EXTERNAL INPUT DADA 
Dout: BINARY EXTERNAL OUTPUT DATA 
SI: WRITE/READ CONTROL SIGNAL 
S2: ERASE SIGNAL 
1: WRITE/READ CONTROL CIRCUIT 
2: STORAGE ELEMENT 

3: WRITE VOLTAGE GENERATION CIRCUIT 
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